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@ An improved direct current and permanent magnet brushless electric motor 



@ In the stator of the electric motor, the windings 
(16) are disposed in two groups (16a, 16b) wound 
according to opposite current directions. Each group 
of windings is formed by a plurality of coils. 

The motor comprises a rotor speed commutator 
device (18-23) adapted for selectively cutting out 
current supply to at least one coil (16'a, 16'b) of 
each group of coils. 



The motor comprises an electronic circuit adapt- 
ed for allowing sequential current supply to all of the 
motor coils during the initial starting rotation of the 
rotor assembly and allowing current supply, once the 
motor has reached its predetermined nominal speed, 
only to those coils which have been selected by the 
commutator device. 
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The present invention pertains to a direct cur- 
rent electric motor of the brushless kind having 
permanent magnets. 

Brushless electric motors are particularly ap- 
plied within the automobile field for radiator cooling 5 
fans or passenger compartment ventilation fans. At 
present, the solution that is adopted with brush 
motors to command speed variation of the rotor 
and the fan mounted thereto provides selective 
activation of one or more electric dissipating resis- io 
tors, the number of which corresponds to different 
speeds that can be selected. When connected, 
said dissipating resistors absorb part of the power 
supplied to the electric motor. This power absorp- 
tion causes the rotor to slow down, decreasing the 76 
throw of the relevant cooling fan. 

As will be apparent, this prior art device repre- 
sents a waste of energy, as the overall power 
supplied for the motor is partially dissipated by the 
resistors regardless of the motor speed. Therefore, 20 
in many cases the power source is exploited more 
than it would be necessary, with obvious 
drawbacks deriving. Further, conventional power 
dissipating resistors are usually located in places 
where they are not completely safe from being 25 
damaged, so that they are frequently subject to 
failures that compromise proper operation of the 
electric motor. 

It is an object of the present invention to over- 
come the aforesaid prior art inconveniences and 30 
limits by providing a brushless kind of electric 
motor where the rotor speed can be changed with- 
out varying the supply voltage, in such a way that 
the power absorbed by the motor substantially 
corresponds to the power required to drive the 36 
motor. 

It is another object of the present Invention to 
provide an electric motor of the aforesaid kind 
which can be assembled easily and quickly, strong, 
durable, and having reduced overall dimensions 40 
and other qualities that render it advantageous for 
mass production such as that of automobile manu- 
facturing. 

These and further objects and advantages, 
which will be apparent from the following descrip- 45 
tion, are attained according to the invention by a 
direct current electric motor of the brushless kind 
having permanent magnets arranged with alternat- 
ing poles fitted to the rotor, the windings being 
disposed in two groups wound according to op- so 
posite current directions: characterised in that each 
group of windings is formed by a plurality of coils; 
the motor further comprising: rotor speed com- 
mutator means adapted for selectively cutting out 
current supply to at least one coil of each group of 55 
coils. 

The structural and operational features of a 
preferred but not exclusive embodiment of an elec- 
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trie motor according to the invention are described 
hereinafter with reference to the accompanying 
drawings, in which: 

FIG. 1 is an axial section view of a fan fitted 
with a motor according to the inven- 
tion: 

FIG. 2 is a transversal cross-section view of 
the motor taken along the line 11-11 of 
FIG. 1; 

FIG. 3 shows a pattern of the coils disposed 
on the motor according to the inven- 
tion; and 

FIG. 4 is a wiring diagram of a logic card for 
controlling the motor of this invention. 
With initial reference to FIGS. 1 and 2, numeral 
10 indicates the outer body of a permanent magnet 
brushless electric motor. The rotor, indicated over- 
all by numeral 1 1 , is external with respect to stator 
12. Rotor 11 rotates a conventional fan 14 of the 
kind normally used in automobile ventilating sys- 
tems through an iron ring or cap 13. Fixed to the 
inner face of cap 13, preferably by gluing, are four 
equally spaced magnets 15 with alternately ar- 
ranged poles N-S-N-S. Fan 14 and rotor 11 rotate 
integral with a central shaft 17 rotatably supported 
by body 10. 

In the present embodiment (FIG. 2), the win- 
dings 16 are disposed in the slots of the stationary 
stator according to a four-pole and four-coil ar- 
rangement that allows commutation between two 
speeds. However, it is understood that the number 
of poles and coils may vary according to require- 
ments, in a manner known to those skilled in the 
art, e.g. providing arrangements with 6 poles and 4 
coils, 6 poles and 6 coils, 8 poles and 4 coils, 8 
poles and 6 coils, 12 poles and 6 coils, etc.. in 
order to select any of three, four, etc., different 
speeds. 

According to the present invention, the win- 
dings 16 are formed by four radially flanking coils 
16a'. 16b*, 16a". 16b" wound in pairs onto the 
stator according to opposite current directions. 
Each coil is indicated in FIG. 3 by an apex (*) or 
("). In the drawing, coil inputs and outputs are 
respectively indicated by reference numerals 
E16a\ E16a". E16b\ E16b". U16a'. U16a". U16b'. 
U16b". 

Alternate current is supplied to the windings 16 
by the control electronic circuit shown in FIG. 4. 
The control electronic circuit is fitted on a logic 
card 21 (shown in FIG. 1) which is fixed to motor 
body 10. 

Still referring to FIGS. 1 and 4, the electronic 
circuit on logic card 21 alternately commands cur- 
rent passage in one of the four coils 16a\ 16a", 
16b', 16b". One of the two coils of each pair of 
coils can be cut out by means of four switch units 
20 having Hall effect sensors responsive to the 
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stator and rotor mutual position. 

In order to adjust the duration and frequency 
with which current passes through each winding, a 
disc 22 is secured to an end of rotating shaft 17. 
Disc 22 is made of a material having low magnetic 
permeability, preferably synthetic material. A plural- 
ity of small magnetic units, indicated schematically 
with 23 in FIG. 1 , are disposed on the side of disc 
22 facing logic card 21. Said magnetic units are 
located so as to be operatively facing the stationary 
Hall sensor units 20 during rotation of the rotor 
assembly. More particularly, the magnetic units 23 
are arranged so as to face a respective Hall effect 
magnetic switch 20 one at a time. 

The magnetic units 23 and the permanent 
magnets 1 5 are suitably timed and arranged for co- 
operating with the circuit of logic card 21 and the 
coils 16a', 16a", 16b', 16b" to get the rotor to run 
regularly. 

Operation of the motor is as follows. In starting 
the motor, the switch 20 near to a magnetic unit 23 
closes and allows current supply to the corre- 
sponding coil. The current flowing through the coil 
generates a magnetic field opposite to that of per- 
manent magnets 15. As known, such an opposition 
of magnetic fields generates a torque that causes 
the rotor to rotate. This sequence is repeated, 
during initial rotation of the rotor, for each of the 
four coils. 

With reference to FIG. 4, according to the 
present Invention the electronic circuit of logic card 
21 allows either input 18 to be selected to com- 
mand four-coil operation, which corresponds to the 
higher speed, or input 19 to command two-coil 
operation corresponding to the lower speed. In this 
latter case, by selecting input 19 speed is com- 
mutated from high to low, cutting out two of the 
four coils. Therefore, the overall current passing 
through the windings decreases, and consequently 
does also the magnetic flux generated by the elec- 
tric current and the torque deriving therefrom in- 
duced in the rotor permanent magnets 15. 

Referring to the electronic circuit of FIG. 4, the 
portion of circuit comprised within the dotted line is 
arranged so that all of the coils are current sup- 
plied in sequence during the initial starting rotation, 
also those which have eventually been cut out by 
the above commutation in selecting the lower 
speed. Upon reaching the predetermined nominal 
r.p.m., this part of the circuit provides current sup- 
ply only to the two coils which have been selected 
by commutation of inputs 18 or 19. 

As an alternative to the above described sys- 
tem, control of the electric pulses in the windings 
may be carried out by an integrated circuit (not 
shown) capable of performing the same operations 
of the aforesaid arrangement with Hall effect sen- 
sors and rotating magnets. 



As will be apparent, the motor according to the 
invention allows to attain the following advantages, 
closely connected therebetween: 

- compact construction; 
5 - safe operation; 

- inexpensiveness; 

- extended lifetime. 

The invention is not limited to the described 
illustrations, which are to be considered as merely 

10 representative of the best embodiment of the elec- 
tric motor, and which can be modified in the terms 
of form, dimensions and arrangement of the parts 
and of constructional and operational details. The 
invention covers all modifications falling within its 

76 scope, as defined by the following claims. 

Claims 

1. A direct current electric motor of the brushless 
20 kind having permanent magnets (15) arranged 

with alternating poles fitted to the rotor (11), 
the windings (16) being disposed in two 
groups (16a, 16b) wound according to opposite 
current directions; 
25 characterised in that each group of windings is 

formed by a plurality of coils; the motor further 
comprising: 

- rotor speed commutator means (18-23) 
adapted for selectively cutting out current 
30 supply to at least one coil (16'a, 16'b) of 

each group of coils. 

2. An electric motor according to claim 1 , charac- 
terised in that said speed commutator means 

35 comprise a plurality of inputs (18, 19) capable 

of being selectively activated and connected to 
at least one actuator means for cutting out at 
least one coil of each group of coils. 

40 3. An electric motor according to the preceding 
claims, characterised in that it comprises an 
electronic circuit adapted for allowing sequen- 
tial current supply to all of the motor coils 
during the initial starting rotation of the rotor 

45 assembly and allowing current supply, once 

the motor has reached its predetermined nomi- 
nal speed, only to those coils which have been 
selected by said commutator means. 
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